The aim of the present study was to evaluate the clinical value of preoperative computed tomography angiography (CTA) imaging for guiding the superselective clamping of renal arterial branches during a laparoscopic partial nephrectomy (LPN). A total of 42 patients with renal masses of <4 cm, who had undergone a LNP, were retrospectively enrolled in the study between May 2008 and December 2013. CTA was performed preoperatively and the renal arterial anatomy was evaluated independently by two radiologists. Surgical observations, including the number, location and branching patterns of the renal arteries, were documented by the surgeon. Subsequently, the description of the renal arterial anatomy obtained using CTA was compared with the actual renal vascular structure observed during surgery. In total, 42 patients successfully underwent an LNP with superselective clamping of the renal arterial branches. The accuracy of CTA for the detection of the renal artery and renal tumor-feeding branches was 97.6 and 85.7%, respectively. The CTA images facilitated the correct identification of 36/36 single renal arteries (100%), while 5/6 renal accessory arteries were preoperatively detected using the CTA images. Statistical analyses indicated no statistically significant differences between the preoperative CTA and surgical LPN results for the number of clamped segmental arteries. Therefore, CTA was demonstrated to accurately visualize renal vascular anatomy and provide an advantage by enhancing the detection of tumor-feeding arteries. Thus, the use of CTA may facilitate improved segmental renal artery clamping during LPN.
Introduction
Partial nephrectomy is currently the standard treatment for low-stage renal cell carcinoma, providing oncological outcomes that are comparable to radical nephrectomy (1) . Recently, advances in surgical techniques have resulted in the development of minimally invasive surgical approaches (2) . Application of a laparoscopic partial nephrectomy (LPN) facilitates a reduced hospital duration, and decreased operative bleeding and operative duration when compared with an open partial nephrectomy procedure (3) . However, a LPN remains a challenging procedure for surgeons to perform.
In general, the main renal artery is clamped during a LPN in order to reduce hemorrhage. Clamping of the main renal artery allows for improved visualization, which enables the repair of the renal collecting system and the resection of the tumor (4) . However, hilar occlusion may result in renal ischemic injury and impair renal function. Loss of renal function occurs if the duration of warm ischemia is >28 min (5) . A number of techniques have been developed with the aim of minimizing warm ischemic injury (2, 6, 7) . The technique of renal segmental artery clamping involves the selective clamping of renal arterial branches, and may eliminate renal ischemia from the entire kidney and minimize renal functional loss (4) . It is crucial that surgeons obtain preoperative knowledge of the renal arterial anatomy in order to successfully perform selective renal arterial branch clamping.
Computed tomography angiography (CTA) has previously been used to accurately visualize renal vascular anatomy (8, 9) . In the present study, patients underwent a LPN with CTA to enable the superselective clamping of the renal arterial branches. The aim of the present study was to evaluate the clinical value of CTA in the preoperative assessment of renal arterial anatomy by comparing the preoperative CTA results with the surgical observations obtained during LPN.
Patients and methods
Ethical approval and patient selection. The study protocol was approved by the Dongguan People's Hospital ethical committee (Dongguan, China), and patients provided written informed consent for the publication of the present case details.
A total of 42 patients with renal masses of <4 cm were retrospectively enrolled in the study between May 2008 and December 2013. All the patients had undergone a LPN with superselective clamping of the renal arterial branches. The inclusion criteria for the LPN was a tumor size of <4 cm. Patients were excluded from the study if the LPN surgical observations were insufficiently documented to permit comparison with the preoperative CTA images.
CTA protocol. Patients underwent a preoperative CTA examination. A Brilliance iCT multidetector spiral CT scanner (Philips Medical Systems, Inc., Cleveland, OH, USA) was used to examine the 42 patients. CTA was performed using the following parameters: Standard modality; gantry rotation, 0.4 sec; pitch, 0.915; tube potential, 120 kV; tube current, 300 mA; collimation, 128x0.625 mm; matrix, 512x512; thickness, 0.9 mm; increment, -0.45 mm; and dose length product, 802.3 mGy•cm.
An Ultravist contrast agent (iopromide, 370 mgI/ml; Bayer HealthCare Pharmaceuticals, Berlin, Germany) was administered via a CT high-pressure syringe, with a moderate injection rate (4-5 ml/sec) and dose (1.0-1.5 ml/kg). Following an unenhanced CT examination of the abdomen, a high-resolution contrast-enhanced scan was performed on the kidneys in the arterial, venous and urographic phases.
Images were postprocessed using an Extended Brilliance Workspace independent workstation (version 4.5; Philips Medical Systems, Inc.) to obtain multiplanar reconstructions and maximum intensity projections, in addition to surface and volume renderings.
Image analysis. CTA images were independently reviewed by two radiologists that were blinded to the study. The number, location and branching patterns of the renal arteries were documented and the extrarenal length of the tumor-feeding arteries (from the first branch of the main renal artery to the distal part of segmental artery reaching the renal capsule) was measured. For supernumerary renal arteries, the artery with the maximum diameter was recorded as the main renal artery and all others were classified as renal accessory arteries.
Surgical protocol. All 42 cases underwent a LPN via the retroperitoneal approach. Surgery was performed following the CTA examination by a surgeon with 10 years experience of performing LPNs. Tumor-feeding arteries were preoperatively selected by two radiologists on the basis of the CTA images. Following the superselective renal arterial clamping of the tumor-feeding arteries, the tumors were resected. For each patient the surgeon recorded a number of surgical observations, including the number, location, extrarenal length and branching patterns of the renal arteries. In addition, clinical, perioperative and follow-up outcomes (9-75 months) were recorded.
Statistical analysis. LPN surgical observations were considered to be the reference standard for comparison. Statistical analysis was performed using SPSS software, version 17.0 (SPSS, Inc., Chicago, IL, USA). Data are presented as the mean ± standard deviation, or as the median and range. Continuous variables were compared using the paired Wilcoxon test, while nominal variables were analyzed using Pearson's χ 2 test. P<0.05 was considered to indicate a statistically significant difference.
Results
Patient characteristics. In total, 42 patients successfully underwent a LPN for renal masses of <4 cm. Patient demographics and tumor characteristics are presented in Table I . The mean tumor diameter was 3.2±0.4 cm, the mean operative time was 103±12 min, the estimated blood loss was 263±136 ml and the mean warm ischemia time was 23±3.6 min. A total of three patients (7.1%) required a blood transfusion (Clavien grade II); however, no patients developed a renal arteriovenous fistula or required embolotherapy following surgery. The mean absolute reduction in the estimated glomerular filtration rate (eGFR) at 3-6 months Postprocessing images of all 42 cases accurately displayed the main renal trunks and vessel branches ( Figs. 1 and 2) . Comparison between the CTA and LPN observations for the renal arteries are summarized in Table II . Preoperatively, 57 renal arteries were identified using the CTA images. Among the 42 cases, CTA successfully detected 36 single renal arteries (97.3%). Furthermore, a total of 5/6 accessory arteries were observed preoperatively using the CTA images 
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C D (Fig. 3) , while one accessory artery of <2 mm in diameter was not detected. Thus, the accuracy of detection for the renal arteries using preoperative CTA was 97.6% (41/42 arteries detected).
Comparison between CTA and LPN surgical observations for tumor-feeding arteries.
Comparisons between preoperative CTA predictions and LPN surgical observations for the number of tumor-feeding arteries are summarized in Table III . Table III . Comparison between preoperative CTA predictions and LPN surgical observations for tumor-feeding arteries. 
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The accuracy of CTA for the detection of renal tumor-feeding branches was 85.7%. Statistical analysis identified no statistically significant differences between the CTA predictions and LPN observations with regard to the number of tumor-feeding arteries (P=0.839). The comparisons between the preoperative CTA and LPN surgical results for the extrarenal length of the tumor-feeding arteries are summarized in Table IV (P=0.183 ).
Discussion
A partial nephrectomy results in comparable oncological outcomes to a radical nephrectomy for small renal tumors, and is associated with a reduced risk of chronic kidney disease (1) . As surgical techniques have improved, LPN has replicated the techniques of open partial nephrectomy for small renal tumors (10) . Temporary hilar occlusion is commonly employed during a LPN; however, hilar occlusion may result in warm ischemic injury, which frequently impairs renal function (11). The safe upper limit for a period of warm ischemia remains controversial, ranging between 20 and 40 min (5, 12) .
Thompson et al suggested that the warm ischemic period should be restricted as much as possible during a partial nephrectomy (13) . In the present study, the warm ischemic period was 23±3.6 min. Hilar occlusion involves clamping the main renal vasculature to allow for improved visualization; however, the process may result in global renal ischemia. A number of techniques have been developed with the aim to minimize warm ischemic injury (2,6,7). One approach, namely segmental renal artery clamping, eliminates global renal ischemia and minimizes the loss of renal function (4) . Segmental renal artery clamping involves the selective clamping of renal arterial branches in order to eliminate global renal ischemia. In the present study, between May 2008 and December 2013, patients underwent a LPN with superselective clamping of the renal arterial branches. The mean absolute reduction in the eGFR at 3-6 months following surgery was 24.9±4.4 ml/min/1.73 m 2 .
As the field of view during a LPN is limited, it is crucial that surgeons obtain preoperative knowledge of the renal arterial anatomy prior to performing selective clamping of the renal arterial branches. Although digital subtraction angiography is currently regarded as the gold standard for inspecting renal vascular anatomy, CTA is becoming increasingly used to evaluate renal arterial anatomy since the technique is less invasive, more accurate and more widely available (14) . A previous study indicated that the sensitivity of CTA for preoperatively identifying renal arteries was 98.5% (15) . Furthermore, Pozniak et al reported that the sensitivity of CTA was 100 and 93% for the detection of accessory arteries and prehilar arterial branches, respectively (16) . In the present study, CTA correctly identified 36/37 single renal arteries, resulting in a 97.3% rate of accuracy.
In the majority of individuals, the kidney is supplied with blood by a single renal artery, and the prevalence of multiple renal arteries reportedly varies between 9 and 76% (17, 18) . The location of accessory arteries is crucial knowledge for surgeons to obtain prior to surgery, as the ligation of an accessory renal artery may lead to ischemic injury to the portion of the kidney supplied by that artery. However, hemorrhage may occur if a tumor-feeding accessory renal artery is not clamped, which may further affect the visualization of the laparoscopic field. Among the 42 cases investigated in the present study, 5/6 accessory arteries were preoperatively detected using CTA images, with only one accessory artery (diameter, <2 mm) undetected ( Fig. 3) . Therefore, preoperative CTA may aid surgeons in anticipating potential vascular variants and facilitating LNP.
The preoperative identification of tumor-feeding arteries may crucially affect the outcome of a LPN. Without effective guidance, renal arteries may go undetected or may be excessively clamped during the LPN, affecting visualization during surgery or resulting in a loss of renal function. The renal artery is typically divided into segmental arteries at the renal hilum. With reformatting techniques, CTA can be used to accurately elucidate the number, branching pattern and location of the renal arteries. Thus, surgeons may preoperatively identify tumor-feeding arteries using CTA images. In the present study, the accuracy of the identification of tumor-feeding arteries via 256-channel CTA was evaluated by comparing the CTA prediction with the actual segmental arteries clamped during surgery. The accuracy of CTA in detecting the renal tumor-feeding branches was 85.7%, and statistical analysis indicated no statistically significant difference between the CTA predictions and LPN observations with regard to the number of tumor-feeding arteries (P=0.839; Fig. 2) .
The extrarenal length of the tumor-feeding arteries is a significant factor for the selective clamping of renal arterial branches. Previously, Nohara et al reported that tumor-feeding arteries of >10 mm in extrarenal length were necessary for LPN to be performed (19) . Furthermore, a previous study by Weld et al (20) indicated that the required extrarenal length of tumor-feeding arteries for conducting a LPN was 31 mm. In addition, Kang et al reported that tumors in the lower pole may be more amenable to segmental artery clamping due to the presence of longer tumor-feeding arteries (8) . In the present study, the extrarenal length of the tumor-feeding arteries was preoperatively evaluated using CTA, and statistical analysis indicated no statistically significant difference between the CTA prediction and LPN observation of the extrarenal length of the tumor-feeding arteries (P=0.183). In total, 42 patients successfully underwent a LPN with superselective clamping of the renal arterial branches, and no patients were converted to a LPN with hilar occlusion. Therefore, the use of CTA may allow surgeons to preoperatively evaluate the feasibility of segmental artery clamping, and thus avoid unnecessary dissection of the segmental artery.
A number of limitations were identified in the present study. Firstly, the number of enrolled patients was relatively limited; thus, further studies with larger population samples are required to verify the present results. Secondly, there may be a selection bias due to the retrospective nature of the study.
In conclusion, CTA may be used to preoperatively produce a map of the renal arteries, subsequently providing a surgical advantage by optimizing the detection of tumor-feeding arteries. Therefore, the use of CTA may facilitate successful segmental renal artery clamping during a LPN.
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